A stock identification study of Greenland halibut (Reinhardtius hippoglossoides) in the Northwest Atlantic was carried out based on samples from off eastern Newfoundland, Davis Strait, three West Greenland fjords and Denmark Strait. Meristic characters and frequencies of electrophoretically detectable alleles of protein loci were analyzed.
Introduction
Greenland halibut (Reinhardtius hippoglossoides Walbaum) are widely distributed in the Northwest Atlantic. Spawning evidently takes place in the deeper waters of the Davis Strait south of 67°N (Jensen, 1935; Smidt, 1969) . The larvae are dispersed by the currents both to the west coast of Greenland and to the eastern Canadian coast (Templeman, 1973) . While growing up, Greenland halibut in West Greenland migrate both to the Davis Strait (Riget and Boje, 1989) and to the deeper parts of the fjords (Smidt, 1969; Riget and Boje, 1989) . On reaching maturity, Greenland halibut in the fjords are assumed to migrate to the spawning area in the Davis Strait (Smidt, 1969) .
In the East Greenland/Iceland area, spawning seems to occur on the continental slopes west of Iceland (Sigurdsson, MS 1980) . Eggs and larvae are first carried northwestward and later southwestward toward East Greenland by the Irminger Current or northeastward along the northern Icelandic coast (Sigurdsson, MS 1980) . Greenland halibut growing up in the northern area off Iceland are assumed to migrate to the spawning area when they reach maturity. It therefore seems that Greenland halibut in the western North Atlantic (i.e. including Icelandic waters) form two spawning stocks, one in the area between West Greenland and Canada and one west of Iceland, although migrations from West Greenland to Iceland have been observed (Riget and Boje, 1989) .
Several studies on stock identification of Greenland halibut in the Northwest Atlantic have been carried out. Templeman (1970) analyzed meristic characters in the Northwest Atlantic including offshore areas off West Greenland. He found a significantly higher average number of vertebrae in Gulf of St. Lawrence fish than in fish from elsewhere in the Northwest Atlantic. Misra and Bowering (1984) used a multivariate technique to analyze meristic characters of Greenland halibutin Canadian Atlantic waters and found that Gulf of St. Lawrence and Fortune Bay fish were similar but were separable from those of all other areas. Fairbairn (1981) investigated frequencies of electrophoretically detectable alleles of protein loci among Greenland halibut from Canadian Atlantic waters and found two loci which were polymorphic in all samples. Based on the allele frequencies of these loci she concluded that they form a single homogeneous stock in the Northwest Atlantic area, but that those in the Gulf of St. Lawrence form a separate although not completely isolated stock. Also Khan et al. (1982) , analyzing the prevalence of blood Protozoa, concluded that a separate stock occurred in the Gulf of St. Lawrence and was further able to distinguish between Greenland halibut of the Gulf of St. Lawrence and those of Fortune Bay.
These previous investigations on stock identification did not include fish from West Greenland fjords. Recently, Riget and Boje (1989) summarized the present understanding of the biology of Greenland halibut in West Greenland waters. Generally their findings are in agreement with the above described lifecycle but they emphasized that fish in the West Greenland fjords may be regarded as mainly stationary. Furthermore, it seems likely that some spawning takes place in these fjords although it may only be occasionally (Boje and Riget, MS 1988) . Riget and Boje (1989) also hypothesized that the fish in the southernmost fjords of West Greenland were to some extent recruited from the spawning grounds west of Iceland. This study was therefore initiated to test the hypotheses that: (a) Greenland halibut in the West Greenland fjords are isolated from the offshore stock or stocks, and (b) Greenland halibut in the southernmost fjords of West Greenland are derived from spawning grounds west of Iceland.
Materials and Methods
About 100 specimens of Greenland halibut in the length range 50-70 cm (mainly immature fish) were collected from six localities ( Fig. 1 all specimens was determined and total length measured.
The vertebral column and the dorsal, anal and pectoral fins were extracted and stored in frozen condition. Frozen samples were thawed in the laboratory and all vertebrae were counted including the urostylar half vertebra. Fish with fused vertebrae were excluded. Some vertebral columns were prepared for counting by cooking to remove the flesh. Fin ray counts were made without any special treatment.
For enzyme studies, eye, heart, liver and muscle samples were taken from each fish immediately after capture, with the exception that no eyes were taken from the fjord sample in Div. 1D. These samples were stored in plastic bags at -18 0 C for a few months before being used in starch gel electrophoresis. The nomen- clature of the enzymes in this study was the same as that used by Fairbairn (1981) for the mutually studied enzymes except for glucosephosphate isomerase (GPI), which was designated as PHI by Fairbairn. The other enzymes were named according to Shows et al. (1979) . The tollowinq enzymes were tested: adenosine deaminase (ADA), creatine phosphate kinase, esterase, glucosephosphate isomerase (GPI), glutamic oxaloacetic transaminase, alpha-glycerophosphate dehydrogenase,isocitric acid dehydrogenase (ICD), lactate dehydrogenase, malate dehydrogenase (MDH), mannosephosphate isomerase, phosphoglucomutase (PGM) and superoxid dismutase. Only ADA, GPI, lCD, MDH and PGM were polymorphic. The six other enzymes did not reveal more than one zymogram among 50 individuals, and hence were not useful for the study of divergence between populations. The buffer system used for GPI was the one described by Clayton and Tretiak (1972) . The buffer system used for the remaining four enzymes was as described by Ayala et al. (1972) . Heart tissue was used for GPI, MDH and PGM, liver for ICD and muscle for ADA. The staining procedures used for the five enzymes were as described by Frydenberg and Simonsen (1973) .
Counts on a discontinuous variable, such as a meristic character, are distributed over a finite range of integral values and are not normally distributed. Therefore counts were analyzed with nonparametric statistical tests. Genotypic frequencies were tested for fit to Hardy-Weinberg expectations (t), using t = F( IN), F being the inbreeding coefficient and N the sample size (Brown, 1970) . Allele frequency differences between populations were tested for homogeneity using replicated G-test (likelihood-ratio test, Sokal and Rohlf, 1981) .
Results

Meristic characters
Greenland halibut in the length range 50-70 cm cover several age groups and the average of meristic values can vary with year-class. Data were too sparse to allow an analysis by individual year-classes. Because growth rate of Greenland halibut in the length range covered is nearly linear, a Spearman Correlation Coefficient relating meristic value to total length was calculated and the null hypothesis that there was no correlation between the two variables was tested (Table 2) . Both positive and negative correlations were obtained and the Spearman Correlation Coefficient differed significantly from zero in only three cases. Therefore, it seemed unlikely that significant bias in meristic average due to year-class differences occurred in this material.
Difference of meristic characters between sexes was tested by Wilcoxon 2-sample test (SAS anon., 1985) . Only the left pectoral fin rays in the sample from Newfoundland was found to differ significantly (at the 5% level) between males and females. Thus differences in meristic characters between sexes were negligible. Males and females were therefore combined for subsequent comparisons.
Knowledge of possible correlation between meristic characters is useful when evaluating differences in average of characters. It lends support to conclusions if correlated characters show the same trend among areas. Spearman Correlation Coefficients relating numbers of left to right pectoral fin rays, and anal fin rays to dorsal fin rays, showed a high correlation (P<0.0001) in each case. A significant (P<0.005) correlation between numbers of anal fin rays and vertebrae was found in only one sample, West Greenland fjords, Div. 1A. When relating numbers of dorsal fin rays and vertebrate, significant correlations were found in the sample from West Greenland fjords, Div. 1A (P<0.01) and in those from Newfoundland, (P<0.005).
The left and right pectoral fin ray numbers ranged from 11 to 16 (Table 3 ). The greatest difference in mean numbers of fin rays in the left pectoral fin was found between the sample from the Denmark Strait and that from Newfoundland, and for the right pectoral fin between the West Greenland fjords (Div. 1D) and Newfoundland. Mean anal fin ray numbers ranged from 64 to 87 and mean dorsal fin ray numbers from 85 to 109. The greatest difference in mean anal and dorsal fin ray numbers were found between samples from the Denmark Strait and those from the Davis Strait. A KruskalWallis test for difference between areas in fin ray 0.057, anal fin: P = 0.171 and dorsal fin: P = 0.281).
However, there was an overall tendency for fish from the Denmark Strait to have the lowest mean values (Table 3) .
Numbers of vertebrae ranged from 57 to 64 and means for areas ranged from 60.126 for West Greenland fjords (Div. 1D), to 61.693 for West Greenland fjords, Div. 1F (Table 4) . A Kruskal-Wallis test showed significant (P<0.0001) heterogeneity between areas. Pairwise tests (Wilcoxon 2-sample test) showed significant difference at the 5% level between the sample from Newfoundland and that from the Davis Strait, but no difference between the former and that from the Denmark Strait, nor between the samples from the Denmark Strait and from the Davis Strait. Samples from the West Greenland fjords differed significantly from those of the other areas as well as among themselves.
Biochemical markers
Descriptions of the zymograms for the six enzymes used were as follows:
ADA. Either single banded or double banded phenotypes were observed, and at least seven different rates of migration towards the anode were seen. The interpretation of the zymograms fits the hypothesis that a single locus with seven codominant alleles is responsible for the observed variation.
GPI. The observed zymograms were similar to those observed by Fairbairn (1981) , and were explained as two loci Gpi-1 with four and Gpi-2 with three alleles. In this study a few rare alleles were also observed for Gpi-2.
ICD. The variation observed in the zymograms for this enzyme is explained by assuming one locus with four codominant alleles. MDH. The observed phenotypes were similar to those found by Fairbairn (1981) , while in . addition in this study two rare alleles for Mdh-1 were revealed. Mdh-2 showed no variation.
PGM. This investigation revealed only five alleles whereas Fairbairn (1981) observed six codominant alleles for the locus of this enzyme. Otherwise the results were similar to those of Fairbairn. Table 5 lists the allelic frequencies for the observed variation within the localities, and Table 6 the number of individuals scored and the value of the testator for fit to Hardy-Weinberg expectations. The tests for HardyWeinberg proportions are based on the assumption that each locus has two codominant alleles, a common allele and a combined allele consisting of all alleles except the common one. No tests for the loci Gpi-2 and Mdh-1 were performed as the frequencies of the most common allele was very close to 1.000 in both cases. Only one test value out of 24 was significant (Table 6 ). This was the number of significant values expected to occur by chance at the 5% level of significance. Seven of the values for the testator indicated an excess of heterozygotes and seventeen a deficit, but there was no obvious observation of a Wahlund effect (Wahlund, 1928) except for the one significant test value. Table 7 lists the values for the G-tests for homogeneity of the allelic frequencies between the localities. The test values were estimated under the assumption that each locus had two alleles as described in the previous paragraph, and the distribution of G-values could be approximated by the chi-square distribution. None of the samples showed homogeneity with all the other samples, and the sample from Newfoundland revealed significant difference in four out of five cases when compared with the samples from the other localities. This indicated that the samples from the six localities did not belong to the same breeding group.
Discussion
The number of fin rays and vertebrae in fish are determined during their early larval development. They are influenced by environmental conditions, especially temperature (Taning, 1952) . It has been shown that, the lower the temperature in the early life stages the higher (Templeman and Pitt, 1961) . Differences in meristic characters between areas will therefore indicate that larval stages have been exposed to different environmental conditions, and this may be interpreted as existence of geographically separated spawning stocks.
The number of anal and dorsal fin rays in fishes are not necessarily correlated with number of vertebrae which may be determined earlier in life (Taning, 1952) . In the present study the number of vertebrae and fin rays of Greenland halibut were not closely related, which is in accordance with the findings of Templeman (1970) . Therefore, the number of fin rays and vertebrae cannot necessarily be expected to show the same trend between samples. Left and right pectoral fin ray numbers, and dorsal and anal fin ray numbers were in each case highly correlated. However, no significant differences in terms of number of pectoral, anal or dorsal fin rays were found between any of the samples. Although there was a tendency for the number of fin rays to be lowest in the Denmark Strait sample (Table  3) , fin ray numbers do not seem useful in stock separation studies of Greenland halibut.
The number of vertebrae showed significant heterogeneity between areas. The Newfoundland and Davis Strait samples were significantly different at the 5% level. This is in contrast to the findings by Templeman (1970) in a study which included samples from the West Greenland area. The meristic study by Misra and Bowering (1984) did not include samples from the West Greenland area. They suggested, however, that apart from evidence for local spawning in the Gulf of St. Lawrence and Fortune Bay, Greenland halibut form one continuous stock from the Davis Strait to the northern Grand Bank. Taking into account the results of these previous studies and the small differences between the Newfoundland and Davis Strait samples found in the present study, the result can hardly be interpreted as evidence of a stock separation.
The sample from the Denmark Strait was not significantly different from the Newfoundland and the Davis Strait samples in terms of mean number of vertebrae, although spawning is known to occur in both the Denmark Strait and the Davis Strait area. However, Greenland halibut is known to spawn in deep water (Jensen, 1935) , and at these depths the environmental conditions usually are very uniform so that differences in mean number of vertebrae are unlikely to occur. Thus Greenland halibut from the offshore areas of the Northwest Atlantic are not different from each other in terms of mean number of vertebrae.
The mean numbers of vertebrae in samples from West Greenland fjords differed from those in the offshore samples, although some of the values were close to each other. The most conspicuous differences were those among the West Greenland fjords themselves, indicating isolation between them. It is not possible from this study alone to judge the degree of isolation between the inshore fish of West Greenland fjords and offshore fish. Some supporting evidence was seen when recaptures from tagging experiments carried out in the fjords came from the fjords they were tagged in, apart from a few long distance migrants (Riget and Boje, 1989) . However, it was not conclusive because very little offshore fishing occurred in the period of tagging, so recaptures outside the fjords must be expected to be rare. Subsequent tagging experiments in fjords of Southwest Greenland resulted in a relatively high number of recaptures being reported from Icelandic waters, indicating some migration out of these fjords (Boje, MS 1990) . On the other hand, recruitment to the fjords seems to occur from the offshore areas (Smidt, 1969; Rigetand Boje, 1989) , but some spawners and spent individuals have been observed in the fjords (Smidt, 1969; Boje and Riget, MS 1988) showing that spawning may occur in fjords, at least sporadically.
The stock complexity in the West Greenland area seems to be very much like that in eastern Canada. The Gulf of St. Lawrence stock differs from the stock in the offshore area of Labrador and Newfoundland genetically (Fairbairn, 1981) , in mean number of vertebrae (Templeman, 1970) and parasite prevalence (Khan et al., 1982) . In the Gulf of St. Lawrence mature individuals have been observed (Templeman, 1970) , but some recruitment to the Gulf of St. Lawrence through the Strait of Belle Isle from the offshore areas is believed to occur (Fairbairn, 1981; Bowering and Chumakov, 1989) .
The mean number of vertebrae in samples from West Greenland fjords in Div. 1F was not especially close to that of the Denmark Strait sample. On the other hand, the highest mean value was found in Div. 1F which could be an indication of eggs/larvae being carried by the cold East Greenland current from the East Greenland/Iceland area to south West Greenland.
The study by Fairbairn (1981) revealed the polymorphic loci Gpi-1 and Pgm. The present study has shown variation in four additional loci, namely Ada, Gpi-2, led and Mdh-1, but the variation found in Gpi-2 and Mdh-1 was not of such a magnitude that they could be used for stock identification. The allelic frequencies in both studies were rather similar for the two mutually studied loci (Gpi-2 and Pgm), but the additional loci showed rather small differences among the different localities (Table 5 ). The study by Fairbairn (1981) and the present study both reveal a rather low level of divergence of the Greenland halibut in the Northwest Atlantic. Even the sample from the Denmark Strait had very similar allelic frequencies.
The pair comparisons among the samples from the different localities (Table 7) showed that the samples could not be from a single spawning unit. Fairbairn (1981) and Dey (1982) both concluded that fish in the Gulf of St. Lawrence and off Newfoundland and Labrador show genetic divergence. Present results also show that there is some genetic divergence among Greenland halibut from different localities but the material is not sufficient to estimate how many spawning units exist in the Northwest Atlantic and how much intermixing takes place. Tagging experiments have shown that long distance migration occurs (Riget and Boje, 1989; Boje, MS 1990 ) and this could explain the low divergence between samples.
In summary, the analyses of genetic variation show a low level of divergence between samples from the Northwest Atlantic including the Denmark Strait. However, due to the lack of homogeneity in allelic frequencies, it can be concluded that more than one spawning stock must be present. The mean number of vertebrae from the samples from the offshore areas show only minor differences, while significant differences occur among West Greenland fjords. This supports the hypothesis that Greenland halibut in the fjords of West Greenland may be somewhat isolated from the Davis Strait stock. The present study could not support nor reject the hypothesis, that the stock in the southernmost fjords of West Greenland are to some extent recruited from the East Greenland/Iceland area.
